D
URING the last 3 decades-the insulin era in the treatment of diabetes mellitus -atherosclerotic vascular complications have become the major causes of morbidity and mortality in diabetic pex -sons, doubtless due, in part, to their increased life span with insulin therapy. Diabetics, as a group, undoubtedly have an increased susceptibility to atherosclerotic disease.
1 -2 The causative and pathogenetic factors responsible for this phenomenon remain obscure.
In view of this problem, experiments were undertaken to explore the effects of exogenous insulin on coronary and aorta atherogenesis in intact chicks.
Methods
Twelve series of chronic experiments, utilizing a totnl of 461 cockerels, were accomplished over a 5-year period (1954 to 1959) . The established control technics of this department for experimentation on atherosclerosis were employed throughout.
1 Over-iill, 3 different types of experiments were done to assess the influences of exogenous insulin: (1) regression or "unloading" experiments, in which birds were first fed an atherogenic diet for several weeks (mash + cholesterol + oil), then transferred to plain mash for 2 weeks, with administration of insulin during this regression period (tables 1 and 2) ; (2) "loading" experiments, in which birds were fed mash + cholesterol -f-oil, and simultaneously given insulin (table 3) ; (3) experiments on the effects of insulin on estrogen antiatherogenesis, in which chicks fed an atherogenic diet were simultaneously given estrogen and insulin (table 3).  7 '   8 In accordance with established procedure, 1 a record of feed intake and rate of weight gain was maintained in all experiments. Since groups receiving insulin exhibited decreased feed intake and rate of weight gain, paired-feeding methods were used to assess the possible role of these nonspecific effects in accounting for changes observed with insulin.
9
. 10 Blood glucose concentration was measured as an index of insulin effect.
Results
In control birds, transferred from an atherogenic diet to plain mash for a terminal 2-week period, significant regression of coronary atherosclerosis occurred, in accordance with previous observations, while aortic lesions showed no change during this short period.
8 '
: i
In contrast, cockerels given insulin during this period exhibited no regression of lesions (table 1) . This marked, significant difference between the 2 groups prevailed, although their patterns of cholesterolemia and phospholipemia were very similar, i.e., both exhibited a decline during these terminal 2 weeks from hyperlipemic to virtually normolipemic levels. The control and insulin groups differed significantly in feed intake, weight and blood glucose level during these 2 weeks. The insulin-treated group had sustained periods of hypoglycemia, ate much less, and lost (rather than gained) weight (table 1).
Since previous work had shown that undernutrition inhibited regression of atherosclerosis, 8 ' 10 further pair-feeding experiments were undertaken to assess the role of this variable (table 2). The data of this experiment demonstrated that the insulin administration-and not matched underfeeding alone-was associated with complete inhibition of regression of coronary lesions. Thus, this phenomenon in birds receiving insulin cannot be attributed to the accompanying low feed intake, i.e., it is not basically an undernutrition effect.
In experiments on the effects of insulin on cholesterol-oil fed and estrogen-treated birds, no consistent influences of the islet hormone were noted. In 4 of the 9 series of experiments, tC-0 is mash -f cholesterol -f-5% cottonseed oil; the per cent of cholesterol was 2, y*, 2 and 1% in series 33, 38, 48, and 57, respectively. }C-0 ~* EM is mash + cholesterol -f-oil for 5 weeks, then plain mash for the terminal 2 weeks. Birds were 12, 12, 9, and 8 weeks of age at the beginning of the experiment in series 33, 38, 48, and 57, respectively. §Feed intake and A weight during terminal 2 weeks of experiment, on EM.
fl Glucose data collected on series 48 and 57 birds only; Somogyi method. ;nts a terol-oil feeding experiment, whereas in the chick studies, no atherogenesis-intensifying effects of insulin were noted in the cholesteroloil feeding experiments.
No additional data are available to clarify the reasons for these apparent differences in the 2 species. Nor is it clear why in cockerels, insulin had an effect on regression of lesions, but apparently none in the cholesterol-oil feeding experiments, with or without estrogen added.
"With respect to possible mechanisms of the insulin effect on regression of coronary lesions, several hypothetical possibilities present themselves, e.g.: a direct effect of insulin on the metabolism of vascular tissue; an indirect effect, possibly related to cyclical hypoglycemia and consequent changes in adrenal medullary and cortical hormonal secretion. 1S It is clear from present data that the inhibitory effects of insulin on regression of coronary lesions cannot be related to plasma cholesterolphospholipid levels, or to patterns of feed intake. Summary Insulin administration to intact cockerels made atherosclerotic by the feeding of a cholesterol-oil-containing diet prevented regression of coronary atherosclerosis. Insulin administration during the induction of atherosclerosis had no effect on the development of lesions. In some experiments, insulin slightly inhibited estrogen-induced protection of the coronary arteries when the birds were on a high cholesterol-oil diet. 
